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EnvironmentBrick kiln is well known as one of the main sources of air pollution; however, the pollutants
produced from it do not remain in the air, they ultimately fall down to the soil and pollute
the surroundings, therefore, this study was carried out to assess the status of macro (N, P, K
and S) and micro nutrients (Fe, Mn and Zn, Cu) in the agricultural environment near the
brick kilns of Young Brahmaputra and Jamuna Floodplain soils. Composite soil and plant
samples were collected from four distances such as 250 m, 500 m, 1000 m, and 1500 m in
three different sites. Sulphur (2352–3378 mg kg1), Zn (86–156 mg kg1) and Cu (24.7–
46.9 mg kg1) are found in the elevated levels near brick kiln soils that is released due to
burning of poor quality coal and fire woods. The alarming news is that plant uptake of S
and micro nutrients in the nearest areas of the brick kilns are significantly higher than
the areas far from the brick production and their concentration ranges from 23 mg kg1
to 101 mg kg1 for Zn, 10–41 mg kg1 for Cu, 35–1309 mg kg1 for Fe, 26–126 mg kg1 for
Mn and 2590–mg kg1 for S. Data indicates both soil and plant received maximum amount
of micronutrients and S concentrations within 500–1000 m distances from brick kilns. Iron
and Mn concentrations vary within a permissible limit but the plant uptake is high. Nitro-
gen concentrations is increasing with the distance from the brick kilns in both soils and
plants but no definite pattern of P and K accumulation was found. Research suggested
avoiding agricultural practice nearby brick kiln soils due to micronutrient contamination
in order to preserve adjoined agricultural environment.
 2016 China Agricultural University. Production and hosting by Elsevier B.V. All rights
reserved.1. Introduction
Brick is considered as one of the most precious building mate-
rials of modern civilization. Due to low price it remains nearly
no alternative for today’s booming construction industries,
besides this, higher cost benefit ratio makes brick very muchpopular in third world countries like Bangladesh with a pop-
ulation of nearly 160 million [1]. To accommodate this huge
population, nearly 6000 authorized and numerous unautho-
rized brick kilns are in operation in Bangladesh [2] which
are mostly fired by coal or wood [3]. Due to poor technology
and the improper burning of coal and wood produces a lot
of pollutants during the brick production, among them CO2,
CO, SO2 and other green house gases are the most common
ones [4]. Heavy metals, such as, Pb, Hg, Zn, Cu, Ni, Se, Fe,
Cd and As are also found as a byproducts [5]. Another impor-
tant and alarming byproduct from brick production is fly ash
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high concentrations of K, Na, Zn, Mg and Fe are found [6]. Fly
ash doesn’t stay in the air for the life time; they ultimately fall
down to the soil and may be taken up by standing plants.
During brick production, some necessary elements are
produced as a byproduct, such as Fe, Mn, Zn, and Cu and con-
sidered as micro nutrients for plants. Without these ele-
ments, plants cannot grow properly and show deficiency
symptoms [7]. A lack of these elements in younger and older
leaves show deficiency symptoms and higher level chlorosis
may occur [8]. Besides these, SO2 and NO2 are also produced
as a byproduct during brick production when the bio fuels
are burnt. Sulphur depend on its chemical form can be a
highly reactive element suggested to influence metal pollu-
tant mobility and nutrient cation availability in soils [9,10].
Since many toxic metals bind strongly to certain species of
S (i.e., Pb, Hg), a mechanistic understanding of speciation
dynamics in soils is needed [9]. Furthermore, an understand-
ing of the factors controlling S reactivity in soil organic matter
is vital to describe the S flux from soil, and as such, the trans-
fer of S between soil and other reservoirs in the global S cycle.
In addition, fly ashes are one of the important sources of K in
soil near coal fired industries like brick kilns [6]. One of the
important characteristics of micro elements are becoming
toxic and behave likes a contaminant when they cross the
maximum allowable limit, and can cause adverse effects on
plant and soil [6]. Accumulation of these elements in soil
depends on many other factors, such as properties and con-
stituents of the soil [11]. The mobility of Fe, Mn, Zn, and Cu
in soils are driven by three major factors such as specific
adsorption to different solid phases, precipitation of sparingly
soluble compounds and the formation of relatively stable
complexes or chelates with the soil organic matter [12]. Like
other metals, minerals grain size [13] and soil pH has a very
strong effect on the mobility of them in soil [14]. At high
pH, these metals tend to be precipitate. Soil pH also controls
the solubility of metal hydroxides, carbonates and phos-
phates, hydrolysis, ion-pair formation, organic matter solubil-
ity, as well as the surface charge of iron and aluminum oxides
and clay edges [15]. Organic matter plays a vital role in metal
accumulation in the top soil by forming chelates [16]. Several
studies show that the nutritional degradation of the soils
such as N, P, K, S, pH and EC etc among themmost of the work
was done to assess the burnt and unburnt areas of the brick
kilns [11,12,17–19]. However, very little work has been done
to assess the pollutants nearby brick kilns and their affect
on plant and soil [5,20] but none has been done on the indica-
tions of macro and micro nutrients accumulation in soils and
plants nearby brick kiln emissions. Therefore, the current
research aims to find out the accumulation of macro and
micro nutrients on brick kilns adjacent plant and soil agri-
environment.
2. Materials and methods
2.1. Site descriptions
Three research sites (Mawna Gazipur, Kalampur Dhaka and
Noyadingi Manikganj) were selected (Fig. 1a–d) on the basisof parent material, wind direction and vegetation. Medium
high land was used because of its influence on cropping pat-
tern and farming system (Table 1). Soil and plant samples
were taken from the agricultural fields adjacent to the brick
kilns which exposed to the different degrees of environmen-
tal pollution in February, 2014. Four distances such as
250 m, 500 m, 1000 m, 1500 m were identified based on the
predicted brick kilns emission. At each point, a composite soil
was collected from three different layers such as, surface (0–
15 cm), subsurface (15–50 cm) and substratum (50–100+cm).
Plant samples were also collected from the respective field
from where the soil samples were collected by uprooting 12
plants from each distance.
2.2. Laboratory analyses
Soils were extracted by Aqua regia with a ratio of 1:10 for total
P, K, S, Zn, Cu, Fe and Mn concentrations and N is determined
by Kjeldahl method. Available P, K and S were determined fol-
lowing standard procedure [21]. For the determination of
available Zn, Cu, Fe andMn, 1 N HCl was used as an extracting
agent with a ration of 1:33 [22] and micro nutrients were ana-
lyzed by atomic absorption spectrometer. Phosphorus and S
were analyzed by spectrophotometer and K was analyzed by
flame photometer. The data was analyzed using statistical
software strata version 12.
3. Results and discussions
3.1. Accumulation of macro and micro nutrients in soil
adjacent to the brick kilns
In surface, subsurface and substratum soils of the study area
are mainly silt loam in texture is favorable for agricultural
practice, where clay percentage is <10% inmost cases (Table 2)
but organic carbon (OC) contents varies significantly with dis-
tances from brick kilns especially in 1500 m, indicating sur-
face soil degradation nearby brick kilns. Organic matters of
these fields may be burned out by intense temperature from
1600 to 2000 F. The heat wave continues to move to the adja-
cent fields and destroy the organic carbon of the soils also
reported by several scientists [19]. The affected areas are
expanding rapidly as brick production areas are increasing
concurrently. Brick kilns are not only destroying large areas
of agricultural lands, they are also reducing the agricultural
production.
Soils are slightly acidic in nature in the sampling sites may
be due to the application of excessive fertilizer and impact of
nearby brick kilns. Brick kilns usually are emitting toxic gases,
such as SO2, NO2 and some other compounds [24]. Sulphur di
oxide is severely responsible for acid rain, which turns to
lower pH. In addition, SO2 may be dumped to the soil as mass
flow and may be mixed with the water to produce H2SO3,
which ultimately produce H2SO4, and lower the pH but it is
increasing concurrently with the distances.
A primary source of macro nutrients (N, P, K and S) in soil
is organic matter. Many processes like cultivation increase the
rate of decay and oxidation of organic matter in soil [25],
which in turn lowers the total N content in soil, as supply of
Fig. 1 – Site and location map of the research areas.
Table 1 – Description of the sampling sites.
Site District Parent material Land
type
Wind direction from
the brick kiln
Cropping pattern Age of brick
kiln (yrs)
No. of
kilns
Mawna Gazipur Young Brahmaputra and
Jamuna Floodplain
MHL From brick kiln to south Boro (HYV)-winter
vegetable
12–14 5
Noyadingi Manikganj Young Brahmaputra and
Jamuna Floodplain
MHL From brick kiln to south Boro (HYV)-maize 11 3
Kalampur Dhaka Young Brahmaputra and
Jamuna Floodplain
MHL From brick kiln to south Boro (HYV)-maize 8 5
MHL: medium high land, HYV: high yielding variety.
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Table 2 – Selected soil properties of the sampling sites.
Sampling sites Soil properties Sampling distances (m)
250 500 1000 1500
Mawna Clay (%) 9.20 8.70 11.2 10.7
Organic carbon (%) 0.61 0.87 0.90 1.19
pH 5.11 5.23 5.54 5.60
CEC (meq/100 g) 1.12 1.02 0.89 0.81
Noyadingi Clay (%) 17.7 20.2 15.45 5.20
Organic carbon (%) 1.14 1.19 1.19 1.37
pH 5.22 6.14 6.62 7.4
CEC (meq/100 g) 1.14 1.10 1.17 1.08
Kalampur Clay (%) 9.20 11.7 13.95 8.20
Organic carbon (%) 0.68 0.68 1.07 1.24
pH 5.04 3.44 6.05 5.57
CEC (meq/100 g) 0.69 0.51 0.89 0.89
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but with a high population and limited land condition, Ban-
gladesh has a cropping intensity nearly 2 per year. Besides
this, some other practices like brick production make an
adverse affect on organic matter in soil. Intense farming pat-
tern is also responsible for organic matter variation and there
is another possibility of formation of cheleate with heavy
metals producing from the brick kilns, which in turn make
the organic carbon unavailable. Byproducts from brick pro-
duction such as Zn, Cu, Fe and Mn have a tendency to formFig. 2 – Assessment of total and available nutrientschelates with organic carbon [16]. These chelates move to
the resistant or passive pool, which is hardly available in hun-
dreds of years. Due to a low amount of free organic matter,
total N concentrations in the nearer zones of the brick kilns
are decreases which also alter soils physical, chemical and
biological properties as well as crop yield [26], as a result clay
concentration decreases, which increase SOM weathering
[27].
Sulphur is highly accumulated in soils nearby brick kilns
(Fig. 2), the main source is organic matter which is limitedin soil at different distances from the brick kilns.
Table 3 – Relationship between total macro and micro nutrient concentrations and soil properties.
Relationship between total nutrient and soil properties
pH OC CEC Sand Silt Clay
N 0.4028** 0.6502*** 0.0384 0.1243 0.1206 0.0145
P 0.0958 0.4690*** 0.0820 0.0774 0.0897 0.0201
K 0.0661 0.0160 0.0220 0.2067* 0.1642 0.0953
S 0.0537 0.1236 0.3315*** 0.1941* 0.0438 0.3081**
Zn 0.0170 0.5670*** 0.4156*** 0.3013** 0.1600 0.2961**
Cu 0.3772*** 0.1827 0.4096*** 0.2920** 0.1562 0.2846**
Fe 0.2890** 0.0681 0.2799** 0.2278* 0.1719 0.1228
Mn 0.0501 0.0137 0.1358 0.1829 0.0572 0.2715*
* Indicates at 5% level of significance, respectively.
** Indicates at 1% level of significance, respectively.
*** Indicates at 0.1% level of significance, respectively.
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SO2 producing as a byproduct from the brick kilns. After emis-
sion, S is mixed up with soil and a portion of it combines with
other byproducts from brick production such as Fe, Pb, and Zn
etc [9], other portions remain in the soils, and as a result, soils
near the brick kilns are rich in S. Besides this, S accumulation
also accelerates by high CEC and clay content, where it can be
adsorbed. It is also found that there is a strong significant
relationship between S, CEC, and clay percentage. Research
data can’t draw conclusive remarks for P and K behavior near
brick kilns. It may be due to use of high synthetic P fertilizer
in the agricultural fields near brick kilns. In addition, P is a
double than critical element, which behavior changes with
the changing pattern of pH that changing in soil is a common
phenomenon nearby brick kilns, due to huge amount of S
deposition.
Macro nutrient accumulation in soils nearby brick kilns is
very much low except S. Sulphur concentrations ranges from
2352 mg kg1 to 3378 mg kg1, and is more than four times
than the average amount in soils. It is also noticed that max-
imum accumulation of macro nutrient occurs within 500–
1000 m from the brick kilns then reduces significantly. On
the other hand, N accumulation increases with the distance
from the brick kilns, which is below the average limit in soil
(Fig. 2), also indicating degradation of surface soils nearby
brick kilns.Table 4 – Relationship between available macro and micro nutr
Relationship between available element and its so
pH OC CEC
N 0.5002*** 0.4676*** 0.1984*
P 0.0722 0.4401*** 0.0280
K 0.0743 0.6000*** 0.3673***
S 0.3930*** 0.4916*** 0.1645
Zn 0.2249* 0.5487*** 0.0995
Cu 0.2945*** 0.4666*** 0.4958***
Fe 0.0306 0.1220 0.2945**
Mn 0.1029 0.0403 0.3397***
* Indicates at 5% level of significance, respectively.
** Indicates at 1% level of significance, respectively.
*** Indicates at 0.1% level of significance, respectively.Micro nutrients behavior is more or less similar to the
heavy metals in soils, therefore, showing an affinity to some
basic soil properties such as CEC, OC, clay content and pH.
In the areas near brick kilns, pH is low because of the produc-
tion of huge quantity of SO2, which ultimately produce H2SO3
when dump in soil. Zinc, Cu, Fe and Mn shows a significant
relationship with pH in both total and available from is in well
agreement with another study [13]. Accumulation of micro
nutrients is high in relation with CEC and clay content. The
soils of the sampling sites are moderately rich with mica min-
erals [23], which suggestedmoderate CEC because its medium
surface area accumulates micro nutrients [11]. Besides this Fe,
Mn, Zn, and Cu have a common character to form chelate
with organic matter [16] and OC data shows a significant rela-
tionship with the micro nutrients. Accumulation of micro
nutrients is higher in the top soil than the substratum, where
OC percentage is higher. It is clearly indicated that Mawna
soils accumulated highest macro and micro nutrients as the
brick kiln is older than another two locations (Table 1). How-
ever, the strong relationship between soil properties and
macro andmicro nutrients found in soil is presented in Tables
3 and 4.
Soil micro nutrient accumulation nearby brick kilns is
also depends on other properties and among them one of
the most important one is the fly ash. Travel of this tinny
material makes significant changes in the soil. Zinc and Cuient concentrations and soil properties.
il properties
Sand Silt Clay
0.1632 0.0860 0.1614
0.0032 0.0799 0.1644
0.1497 0.0470 0.3975***
0.1189 0.0762 0.3925***
0.2722** 0.2388* 0.0812
0.4801*** 0.3676*** 0.2490**
0.1605 0.0044 0.3177***
0.0401 0.0759 0.0683
Fig. 3 – Assessment of total and available micro nutrients in soil at different distances from the brick kilns.
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24.7–46.9 mg kg1, respectively but Fe and Mn concentrations
in soils within the critical limits (Zn is 64 mg kg1 and Cu is
26 mg kg1) [28]. Data indicates maximum accumulation of
Zn and Cu concentrations in 1000 m from brick kilns,
whereas, Fe and Mn concentrations in 500 m, suggested vul-
nerable to contamination in soils in-between 500 m and
1000 m zone. Accumulation of both total and available por-
tion of the micro nutrients is showed in Fig. 3.Table 5 – Effect of brick kilns emission on macro nutrient conce
Location Distance (m) Macro nutrient con
Nitrogen
Mawna 250 9476 ± 192
500 10,091 ± 279
1000 10,832 ± 169
1500 12,118 ± 183
Noyadingi 250 8596 ± 0
500 9560 ± 252
1000 13,250 ± 467
1500 13,613 ± 48
Kalampur 250 8624 ± 48
500 9392 ± 222
1000 10,035 ± 313
1500 11,545 ± 243.2. Accumulation of macro and micronutrients on plants
The plant nutrient accumulation affected by the fertilizer
application such as N, P, K, & S are major plant nutrients that
appear to be less affected directly by soil pH than many
others, but still are to some extent. Phosphorus, however, is
directly affected. Macro nutrients accumulation is not promi-
nent in the soils of the research sites. As a result, plant uptake
of the elements is also following the same trends in allntrations in plant at different distances.
centrations (mg kg1)
Phosphorus Potassium Sulfur
2305 ± 99 152 ± 6 2590 ± 52
3650 ± 98 167 ± 2 3165 ± 136
4243 ± 116 176 ± 1 2847 ± 136
5145 ± 78 352 ± 4 2711 ± 136
2321 ± 26 289 ± 2 3622 ± 184
3408 ± 25 305 ± 1 3908 ± 160
3616 ± 118 366 ± 3 3984 ± 131
5095 ± 21 396 ± 1 3150 ± 172
2296 ± 18 267 ± 2 2923 ± 189
2379 ± 29 319 ± 2 9938 ± 343
3386 ± 34 334 ± 1 4302 ± 298
3395 ± 52 395 ± 2 2726 ± 274
Table 6 – Effect of brick kilns emission on micro nutrient concentrations in plant at different distances.
Location Distance (m) Micro nutrient concentrations (mg kg1)
Fe Mn Zn Cu
Mawna 250 260 ± 0 89 ± 0 74 ± 1 17 ± 0
500 659 ± 0 123 ± 0 85 ± 1 20 ± 0
1000 262 ± 0 89 ± 0 90 ± 2 21 ± 0
1500 35 ± 0 47 ± 0 41 ± 1 10 ± 0
Noyadingi 250 709 ± 0 63 ± 0 68 ± 2 19 ± 1
500 3309 ± 0 163 ± 6 74 ± 1 20 ± 0
1000 559 ± 0 36 ± 1 76 ± 1 41 ± 1
1500 170 ± 0 26 ± 1 25 ± 0 18 ± 1
Kalampur 250 284 ± 1 50 ± 0 39 ± 1 17 ± 1
500 409 ± 0 126 ± 0 68 ± 1 21 ± 1
1000 271 ± 0 49 ± 0 101 ± 2 22 ± 1
1500 267 ± 0 47 ± 0 23 ± 1 14 ± 1
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K, but P accumulation is within average. On the other hand,
S accumulation is very high in both soil and plant which is
more than double near brick kilns within 500–1000 m from
brick kilns (Table 5). Sulphur accumulation is decreasing with
the increasing distance from the brick kilns. Plant collects S
from both soil and air and excess S cause many problems in
the plant system such as, sulfurous acid forms in moisture
on leaf surface of mesophyll cells in stomatal cavities, reduc-
tion in growth and dark green color also occurred. These
problems lead to huge crop and financial loss. Plants from
nearer zones of the brick kilns had shown relatively poor
growth than the far distances.
Accumulation of Fe and Mn is highest in 500 m but Zn and
Cu in 1000 m distance from the brick kiln (Table 6) may be due
to the dumping of fly ash in this zone. Fly ash or coal ash con-
tains an appreciable amount of micro nutrients [6], therefore,
when they fall in some places and the accumulation of these
elements must be higher. This trend is reduced with the dis-
tance because of the lower dumping of fly ash. In soils Fe
and Mn was within recommendation level but in plants they
also cross the limit along with Zn and Cu. Accumulation of
micro nutrients in plants in near distance from the brick kilns
are also supported by the lower pH. One of the main reasons
byproduct of the brick making operation is SO2, which lowers
the pH when leached down to soil as a mixture with rain
water. Heavy metals accumulations are significantly reduced
with the distance. Micro nutrient accumulation in plants dif-
fer significantly from the nearby zone to the far ones, mostly
plants from500 m to 1000 m showed themaximumaccumula-
tion. The most alarming message is the significant accumula-
tion of micro nutrients, which is more than double off in
plants than the critical limit of Zn (20 mg kg1), Cu (6 mg kg1),
Fe (100 mg kg1) and Mn (25 mg kg1) [28], indicating severe
contamination for the adjacent areas nearby brick kiln soils.
Too much Zn can disrupt the life in soil, creating a hostile
environment for earthworms and microorganisms. Plants
rely on a rich life in the soil to break down andmake nutrients
accessible. Plants do not have a good way to dispose of Zn
that gets into their systems, which can make them die.
Vegetables and other crops may be sensitive to Zn levels.
Adverse effects of Cu on N metabolism and plant growthwas also being observed. Cu competes with N in the sites of
absorption and creates N deficiency. This leads to shorten
root, shoot production and total biomass production. It also
intercept in N metabolism system. Fe and Mn are harmful
for those plants like vegetables which have some selectivity
to grow in the presence of these elements.
The brick kilns were surrounded by agricultural fields, far
away from industry; densely used vehicle road is more than
500 m away from the brick kilns. The parent material of the
sampling sites was Young Brahmaputra and Jamuna Flood-
plain, which shows no indication of accumulating such pollu-
tants. On the other hand, surface soils have higher micro
nutrients and S concentrations than substratum soils, indi-
cating contaminants were not originated from the ground
water. Accumulation of these contaminants also decreased
with the distance from brick kilns. Hence, possible sources
of excess micronutrient and S in soils were air pollution that
occurred nearby brick kilns.4. Conclusion
Zinc, Cu and S concentrations in both soils and plants are
higher than the critical limits in the areas nearby brick kilns.
On the other hand, Fe andMn concentrations in soil are found
within the critical limit but it exceeds in plant. Due to fly ash
dumping the carcinogen along with S, accumulation is higher
in the nearby brick kiln areas, which is available with the help
of favorable environment, as a result uptake by plants. Hence,
research findings recommend that within 500–1000 m dis-
tance from brick kilns might face the maximum threat for
environment and agriculture production. Therefore, it is rec-
ommended to avoid agricultural practice within 500–1000 m
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